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Rh-catalyzed arylation of fluorinated ketones with arylboronic 
acids 
Luca S. Dobson and Graham Pattison*
The Rh-catalyzed arylation of fluorinated ketones with boronic 
acids is reported. This efficient process allows access to 
fluorinated alcohols in high yields under mild conditions. 
Competition experiments suggest that difluoromethyl ketones are 
more reactive than trifluoromethyl ketones in this process, 
despite their decreased electronic activation, an effect we 
postulate to be steric in origin. 
Fluorinated molecules now appear routinely in a range of 
applications, ranging from pharmaceuticals to agrochemicals 
and materials.
1
 In particular, the difluoromethyl (CF2H) group is 
an important functional group in the study of modern 
organofluorine chemistry. As an example of fluorine-
containing functionality it imparts many of the advantageous 
properties that has seen fluorine being incorporated in a wide 
variety of bioactive molecules (such as modulation of pKa, 
dipole and lipophilicity, blocking of metabolically-susceptible 
sites). Yet, compared to the better-studied CF3 group, the CF2H 
group has unique properties of its own. For example, unlike 
the CF3 group, a CF2H group is able to act as a hydrogen bond 
acceptor,
2
 a property which is likely to lead to the discovery of 
useful functional molecules containing a CF2H group.  
 However, the study of difluoromethylated molecules is not 
well-advanced, largely due to difficulties in their synthesis.
3
 
The study of the synthesis and reactivity of CF2H-containing 
molecules is therefore an active area of research. As part of a 
developing research program into the synthesis of novel 
fluorinated moieties,
4
 our group recently reported a 
difluorination-fragmentation of 1-trifluoromethyl-1,3-
diketones as an efficient approach for the synthesis of 
difluoromethyl ketones,
5,6
 providing a convenient route for the 
access of these useful but under-studied building blocks. We 
are now developing a research program studying the reactivity 
and utility in synthesis of these ketones. 
 One potentially useful reaction that is currently under-
studied is the addition of nucleophiles to difluoromethyl 
ketones.
7
 Whilst the addition of Grignard and organozinc 
reagents, as well as reductions of difluoromethyl ketones are 
known, the full range of nucleophilic addition processes to 
difluoromethyl ketones have yet to be explored. 
 An attractive class of nucleophilic species for C-C bond-
forming reactions are boronic acids. These are mild, air- and 
moisture-stable species whose reactions tolerate a broad 
range of functional groups. They have been typically engaged 
in additions to carbonyl compounds under rhodium catalysis.
8,9
 
Whilst the Rh-catalyzed addition of boronic acids to α,β-
unsaturated carbonyl compounds (a 1,4-addition process) and 
aldehydes are well known,
10
 the corresponding additions to 
ketones are under-developed and challenging (Scheme 1). 
Whilst additions to unactivated ketones are rare, a limited 
number of examples of intramolecular additions of aryl 
boronic esters onto unactivated ketones have been reported,
11
 
along with intermolecular variants of these reactions,
12
 
generally using arylboroxines as a stabilized form of the 
corresponding boronic acid. Although boroxines are readily 
accessible by dehydration of the corresponding boronic acid, 
they are generally not commercially available, which may limit 
uptake of this chemistry, particularly by medicinal chemists   
 
Scheme 1: Challenges in Rh-catalyzed ketone arylation 
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seeking to prepare large numbers of derivatives for screening. 
 The majority of progress in the field of Rh-catalyzed 
additions of organoboron compounds to ketones has been 
made using activated ketones and imines,
13
 in particular α-
ketoesters
14
 and trifluoromethyl ketones.
15
 We questioned in 
particular whether this success with trifluoromethyl ketones 
could mean that other fluorinated groups, including the 
difluoromethyl group are also suitable activating groups to 
promote Rh-catalyzed additions of boronic acids to ketones. 
 We began our study by examining the addition of 
phenylboronic acid to difluoromethyl ketone 1i, varying the 
solvent system (Table 1). We were pleased to discover that the 
use of anhydrous toluene provided the arylation product 2i 
with essentially quantitative conversion. It has previously been 
noted that the use of anhydrous toluene imparts very high 
stability upon the catalyst system in similar Rh-catalyzed 
processes;
12d
 we too noted very little formation of black 
nanoparticulate Rh under these reaction conditions. 
  




9:1 Dioxane/Water 67 
Table 1: Solvent Optimization. 
a
 Conversion as measured by 
19
F spectroscopy 
against consumption of the starting material 
 We then sought to establish the scope of this arylation 
process (Scheme 2), so a range of difluoromethyl ketones were 
prepared and reacted with boronic acids under the optimized 
reaction conditions. In general, the reactions proceeded to 
complete conversion and were broadly applicable to a range of 
systems; electron-donating groups such as methoxy 
substituents were tolerated on the aryl ring of the ketone and 
boronic acids containing either ortho-substituents and electron 
withdrawing groups, including halogen atoms for further cross-
coupling processes and a trifluoromethyl substituent, were 
excellent nucleophilic partners. However, boronic acids known 
to be less stable, particularly to protodeboration (or indeed 
protoderhodation after transmetallation), which included 
alkenyl and pyridyl examples failed to provide the arylation 
product under these reaction conditions. A sterically hindered 
2,6-dimethylated arylboronic acid was also unreactive. 
 We also examined the reactivity of α-monofluorinated 
ketones in similar processes (Scheme 3). Pleasingly, we found 
that fluoromethyl ketone 3a and α-fluoroethyl ketone 3b could 
both be arylated in high yield under conditions that were 
identical to those used with difluoromethyl ketones. However, 
the attempted arylation of acetophenone under these reaction 
conditions led simply to the return of the starting material, 
with no arylation observable. This demonstrates clearly the 
activating effect fluorine substitution has on Rh-catalyzed 
ketone arylation processes. 
 To gain a better understanding of this activating effect by 
fluorine, a series of competition experiments were performed 
which would allow the degree of activation by a CF3, CF2H and 
CFH2 substituent to be compared. Interestingly, these showed 
that in all cases examined, a difluoromethyl ketone provided 
higher reactivity in Rh-catalyzed arylation with boronic acids 
than a trifluoromethyl ketone (Scheme 5). This is despite the 
higher degree of electronic activation afforded by a
 
Scheme 2: Substrate scope in Rh-catalyzed arylation of difluoromethyl ketones. 
a
 Isolated yields of pure material. 































































Journal Name  COMMUNICATION 
This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3  
Please do not adjust margins 
Please do not adjust margins 
O
F
































Scheme 3: Rh-catalyzed arylation of monofluorinated ketones 
trifluoromethyl substituent compared to a difluoromethyl 
group (σp (CF3) = 0.53; σp (CF2H) = 0.35). We therefore 
postulate that this effect is steric in origin. The size of the CF2H 
group is smaller than the CF3 group, which may lead in the 
CF2H case to more facile complexation of the ketone to Rh and 
enhanced insertion of the Rh-aryl species into the C=O bond 
(Scheme 4).
15d
 Further support for this hypothesis is provided 
by comparison of entries A-D which suggest that the reactivity 
difference between a CF2H- and a CF3-ketone is exacerbated by 
increasing the steric demand of the aryl substituent on the 
ketone(compare thiophenyl (entry B, 57:43) to 2-MeC6H4 
(entry D,75:25)). Comparison of a difluoromethyl ketone to a 
monofluoromethyl ketone (entry G) demonstrates significantly 
higher reactivity in the difluoromethyl case, suggesting that 
 
Scheme 4: Likely key steps of reaction mechanism 
increased electronic activation by CF2H (σp (CF2H) = 0.35; σp 
(CFH2) = 0.10) is now outweighing any steric effects. Finally, 
comparision of the reactivity of a difluoromethyl ketone to an 
aldehyde (entry H) shows the aldehyde to be significantly 
more reactive.  
 In summary, we have developed the Rh-catalyzed arylation 
of fluorinated ketones with boronic acids, which provides an 
efficient and mild route to fluorinated alcohols. Interestingly, 
we have shown that difluoromethyl ketones are more reactive 
than their trifluoromethyl ketone counterparts, an effect we 
believe to be steric in origin. Future work will concentrate on 
the development of an enantioselective variant of this 
reaction,
16
 as well as the further use of difluoromethyl ketones 
as under-studied building blocks for the synthesis of useful 
fluorinated molecules.  
 G.P. would like to thank the University of Warwick Institute 
of Advanced Study for a Global Research Fellowship, and the
 
Scheme 5: Competition Experiments. 
a
 Ratios measured by 
19
F NMR integration (Reactions G/H measured by 
1
H NMR integration) 































































COMMUNICATION Journal Name 
4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 
Please do not adjust margins 
Please do not adjust margins 
Royal Society for a Research Grant. 
Notes and references 
1. (a) S. Purser, P. R. Moore, S. Swallow and V. Gouverneur, 
Chem. Soc. Rev., 2008, 37, 320-330; (b) J. Wang, M. 
Sánchez-Roselló, J. L. Aceña, C. del Pozo, A. E. 
Sorochinsky, S. Fustero, V. A. Soloshonok and H. Liu, 
Chem. Rev., 2014, 114, 2432-2506. 
2. J. A. Erickson and J. I. McLoughlin, J. Org. Chem., 1995, 60, 
1626-1631. 
3. J. Hu, W. Zhang and F. Wang, Chem. Commun,, 2009, 
7465-7478. 
4. T. J. Nash and G. Pattison, Eur. J. Org. Chem., 2015, 3779-
3786. 
5. D. J. Leng, C. M. Black and G. Pattison, Org. Biomol. 
Chem., 2016, 14, 1531-1535. 
6. (a) K. Fujikawa, Y. Fujioka, A. Kobayashi and H. Amii, Org. 
Lett., 2011, 13, 5560-5563; (b) C. Han, E. H. Kim and D. A. 
Colby, J. Am. Chem. Soc., 2011, 133, 5802-5805; (c) J. P. 
John and D. A. Colby, J. Org. Chem., 2011, 76, 9163-9168; 
(d) P. Zhang and C. Wolf, Angew. Chem. Int. Ed., 2013, 52, 
7869-7873; (e) S. Ge, W. Chaładaj and J. F. Hartwig, J. Am. 
Chem. Soc., 2014, 136, 4149-4152; (f) H. Mei, C. Xie, J. L. 
Aceña, V. A. Soloshonok, G.-V. Röschenthaler and J. Han, 
Eur. J. Org. Chem., 2015, 2015, 6401-6412; (g) C. Xie, L. 
Wu, J. Han, V. A. Soloshonok and Y. Pan, Angew. Chem. 
Int. Ed., 2015, 54, 6019-6023; (h) K. Balaraman, M. 
Moskowitz, Y. Liu and C. Wolf, Synthesis, 2016, 48, 2376-
2384; (i) W. Sha, L. Zhang, W. Zhang, H. Mei, V. A. 
Soloshonok, J. Han and Y. Pan, Org. Biomol. Chem., 2016, 
14, 7295-7303. 
7. (a) M. Shimizu, T. Yokota, K. Fujimori and T. Fujisawa, 
Tetrahedron: Asymmetry, 1993, 4, 835-838; (b) S. N. 
Osipov, A. S. Golubev, N. Sewald, T. Michel, A. F. 
Kolomiets, A. V. Fokin and K. Burger, J. Org. Chem., 1996, 
61, 7521-7528; (c) A. Arnone, P. Bravo, M. Frigerio, F. 
Viani and V. A. Soloshonok, Tetrahedron, 1998, 54, 11841-
11860; (d) M. Bandini, R. Sinisi and A. Umani-Ronchi, 
Chem. Commun,, 2008, 4360-4362; (e) G.-W. Zhang, W. 
Meng, H. Ma, J. Nie, W.-Q. Zhang and J.-A. Ma, Angew. 
Chem. Int. Ed., 2011, 50, 3538-3542; (f) K. Aikawa, S. 
Yoshida, D. Kondo, Y. Asai and K. Mikami, Org. Lett., 2015, 
17, 5108-5111; (g) C. B. Kelly, M. A. Mercadante, E. R. 
Carnaghan, M. J. Doherty, D. C. Fager, J. J. Hauck, A. E. 
MacInnis, L. J. Tilley and N. E. Leadbeater, Eur. J. Org. 
Chem., 2015, 2015, 4071-4076; (h) S. Sasaki, T. Yamauchi, 
M. Kanai, A. Ishii and K. Higashiyama, Bull. Chem. Soc. 
Jpn., 2015, 88, 200-208; (i) X. Liang, R. Gopalaswamy, F. 
Navas, E. J. Toone and P. Zhou, J. Org. Chem., 2016, 81, 
4393-4398. 
8. (a) M. Sakai, H. Hayashi and N. Miyaura, Organometallics, 
1997, 16, 4229-4231; (b) M. Sakai, M. Ueda and N. 
Miyaura, Angew. Chem. Int. Ed., 1998, 37, 3279-3281. 
9. P. Tian, H.-Q. Dong and G.-Q. Lin, ACS Catal., 2012, 2, 95-
119. 
10. For recent examples of additions to electron-deficient 
alkenes, see: (a) R. Shintani, W.-L. Duan and T. Hayashi, J. 
Am. Chem. Soc., 2006, 128, 5628-5629; (b) G. Pattison, G. 
Piraux and H. W. Lam, J. Am. Chem. Soc., 2010, 132, 
14373-14375; (c) K. Sasaki and T. Hayashi, Angew. Chem. 
Int. Ed., 2010, 49, 8145-8147; (d) R. Shintani, M. Takeda, 
T. Nishimura and T. Hayashi, Angew. Chem. Int. Ed., 2010, 
49, 3969-3971; (e) T. Nishimura, Y. Takiguchi and T. 
Hayashi, J. Am. Chem. Soc., 2012, 134, 9086-9089; (f) I. D. 
Roy, A. R. Burns, G. Pattison, B. Michel, A. J. Parker and H. 
W. Lam, Chem. Commun,, 2014, 50, 2865-2868; (g) L. 
Zhang, Z. Qureshi, L. Sonaglia and M. Lautens, Angew. 
Chem. Int. Ed., 2014, 53, 13850-13853. 
11. (a) G. Liu and X. Lu, J. Am. Chem. Soc., 2006, 128, 16504-
16505; (b) G. M. Gallego and R. Sarpong, Chem. Sci., 2012, 
3, 1338-1342; (c) D. W. Low, G. Pattison, M. D. Wieczysty, 
G. H. Churchill and H. W. Lam, Org. Lett., 2012, 14, 2548-
2551. 
12. (a) K. Ueura, S. Miyamura, T. Satoh and M. Miura, J. 
Organomet. Chem., 2006, 691, 2821-2826; (b) J. Bouffard 
and K. Itami, Org. Lett., 2009, 11, 4410 - 4413; (c) T. 
Korenaga, A. Ko, K. Uotani, Y. Tanaka and T. Sakai, Angew. 
Chem. Int. Ed., 2011, 50, 10703-10707; (d) Y.-X. Liao, C.-H. 
Xing and Q.-S. Hu, Org. Lett., 2012, 14, 1544-1547; (e) L. 
Huang, J. Zhu, G. Jiao, Z. Wang, X. Yu, W.-P. Deng and W. 
Tang, Angew. Chem. Int. Ed., 2016, 4527-4531. 
13. For additions to activated imines: (a) R. Shintani, M. 
Takeda, T. Tsuji and T. Hayashi, J. Am. Chem. Soc., 2010, 
132, 13168-13169; (b) H. H. Jung, A. W. Buesking and J. A. 
Ellman, J. Org. Chem., 2012, 77, 9593-9600; (c) Y. Luo, A. J. 
Carnell and H. W. Lam, Angew. Chem. Int. Ed., 2012, 51, 
6762-6766; (d) Y. Luo, H. B. Hepburn, N. Chotsaeng and H. 
W. Lam, Angew. Chem. Int. Ed., 2012, 51, 8309-8313; (e) 
T. Nishimura, A. Noishiki, G. Chit Tsui and T. Hayashi, J. 
Am. Chem. Soc., 2012, 134, 5056-5059; (f) T. Nishimura, Y. 
Ebe, H. Fujimoto and T. Hayashi, Chem. Commun,, 2013, 
49, 5504-5506; (g) Y.-J. Chen, Y.-H. Chen, C.-G. Feng and 
G.-Q. Lin, Org. Lett., 2014, 16, 3400-3403; (h) T. Jiang, Z. 
Wang and M.-H. Xu, Org. Lett., 2015, 17, 528-531; (i) J. 
Kong, M. McLaughlin, K. Belyk and R. Mondschein, Org. 
Lett., 2015, 17, 5520-5523. 
14. (a) R. Shintani, M. Inoue and T. Hayashi, Angew. Chem. 
Int. Ed., 2006, 45, 3353-3356; (b) P. Y. Toullec, R. B. C. 
Jagt, J. G. de Vries, B. L. Feringa and A. J. Minnaard, Org. 
Lett., 2006, 8, 2715-2718; (c) G. R. Ganci and J. D. 
Chisholm, Tetrahedron Lett., 2007, 48, 8266-8269; (d) H.-
F. Duan, J.-H. Xie, X.-C. Qiao, L.-X. Wang and Q.-L. Zhou, 
Angew. Chem. Int. Ed., 2008, 47, 4351-4353; (e) F. Cai, X. 
Pu, X. Qi, V. Lynch, A. Radha and J. M. Ready, J. Am. Chem. 
Soc., 2011, 133, 18066-18069; (f) X. Feng, Y. Nie, J. Yang 
and H. Du, Org. Lett., 2012, 14, 624-627; (g) T.-S. Zhu, S.-S. 
Jin and M.-H. Xu, Angew. Chem. Int. Ed., 2012, 51, 780-
783; (h) Y. Li, D.-X. Zhu and M.-H. Xu, Chem. Commun,, 
2013, 49, 11659-11661; (i) X. Feng, Y. Nie, L. Zhang, J. 
Yang and H. Du, Tetrahedron Lett., 2014, 55, 4581-4584. 
15. (a) S. L. X. Martina, R. B. C. Jagt, J. G. De Vries, B. L. Feringa 
and A. J. Minnaard, Chem. Commun,, 2006, 4093 - 4095; 
(b) J. R. White, G. J. Price, P. K. Plucinski and C. G. Frost, 
Tetrahedron Lett., 2009, 50, 7365 - 7368; (c) V. R. Jumde, 
S. Facchetti and A. Iuliano, Tetrahedron Asymmetry, 2010, 
21, 2775 - 2781; (d) R. Luo, K. Li, Y. Hu and W. Tang, Adv. 
Synth. Catal., 2013, 355, 1297 - 1302; (e) V. Valdivia, I. 
Fernandez and N. Khiar, Org. Biomol. Chem., 2014, 12, 
1211 - 1214. 
16. Preliminary work on the development of an 
enantioselective variant of this reaction has given low 
enantioselectivities. See supporting information. 
Page 4 of 4ChemComm
C
he
m
C
om
m
A
cc
ep
te
d
M
an
us
cr
ip
t
Pu
bl
ish
ed
 o
n 
16
 A
ug
us
t 2
01
6.
 D
ow
nl
oa
de
d 
by
 U
ni
ve
rs
ity
 o
f W
ar
w
ic
k 
on
 1
9/
08
/2
01
6 
12
:0
1:
11
. 
View Article Online
DOI: 10.1039/C6CC05775F
